Main points from WGI are summarized...
The ts to HERA F 2 data using the QCD NLO Dokshitzer Gribov Lipatov Altarelli Parisi (DGLAP) evolution equations have been shown to be good to an unexpectedly low value of Q 2 of 1 GeV Figure 1a shows the HERA results, as well as the measurement from E665, in terms of the total virtual photon-proton cross section ( p) versus W 2 , the center of mass energy squared of the photon-proton system. Also shown in the gure are data for real photoproduction (Q 2 =0). The agreement between the measurements from the two HERA experiments are good, and show a smooth transition from a slow growth of cross section with W 2 of the real photoproduction data to a fast rise at higher Q 2 corresponding to the rise of F 2 at low x. Also shown are model predictions of Donnachie and Landsho 5] , based on Regge phenomenology, as well as those of Gl uck, Reya and Vogt 6], based on perturbative QCD. These give reasonable description at, respectively, the lowest Q 2 and Q 2 > 1 GeV 2 .
F 2 Theory to be written by Johannes
Longitudinal Structure Function Experimental Determination
The NMC collaboration has presented 7] their results on R measurement 8], at the low Q 2 kinematical domain (1:2 Q 2 22GeV 2 ). The H1 collaboration 9] has also reported on their F L measurement. In the one photon exchange approximation, the inclusive cross section reads: In order to measure R without assumptions, we need to measure the cross sections at di erent values of y with the same values of x and Q 2 . In other words we must measure the cross sections for di erent values of the center of mass energies. This implies that the beam energies must be changed. Directly changing the beam energies of HERA has been widely discussed 11, 12] , but is in direct con ict with the accumulation of integrated luminosity.
Another promising method is be to use radiative events where a real photon is emitted in the initial state by the electron, which e ectively reduces the beam energy 13, 14] . However, the systematics errors are expected to be higher with this method compared with the measurement with lowered beam energies. With these direct measurement which, in priciple, could be performed in the near future, it may be possible to distinguish between the BFKL and DGLAP dynamics 15].
QCD ts, Gluon, 
Gluon Extraction from Structure Functions
The results for gluon density from the QCD NLO DGLAP ts from H1 and ZEUS are shown in Figure 2a . The error bands due to statistical and systematic errors are also shown. Both of these ts from the experiments use the xed avor number scheme (see above) for handling the charm quark. In case of H1, NMC and BCDMS data along with their own data are used in the t. For the ZEUS t, only NMC and ZEUS data are used. The form of the parametrizations for the singlet, nonsinglet and gluon distributions are somewhat di erent between the ZEUS and H1 ts 16,9,1]. The two results are within their errors but the H1 t is systematically higher than the ZEUS t.
Charm Contribution to the Proton Structure Function
The data collected by the ZEUS and H1 experiments has allowed a measurement of the charm component to the proton structure function F c c 2 17,18,9] . Compared to the previous EMC measurements, the 94 data allowed an extension, of the kinematical domain by two orders of magnitude (down to x 3:10 ?4 for Q 2 Figure 2b . These data also agree with the results of the NLO QCD ts performed by both collaborations. The charm treatment 16, 9] in their NLO ts is the same for both experiments: they assume that the charm density is equal to zero for all values of Q 2 (in other words there is no charms as partons) and the number of active avours is set to 3. All charm production is then via the boson gluon fusion process. It should also be noted that the dominant theoretical uncertainties in the F c c 2 measurement arise from the ignorance on the charm mass; a change in the charm mass would a ect the prediction and the measurement of F c c 2 in the same way.
Direct Photon Results
A comparison of direct photon data from a number of experiments to nextto-leading order QCD predictions reveals 21,27,28] a pattern of systematic deviations that cannot be reproduced by any modi cation to the parton distributions. One possible explanations for the deviations is that they are due to soft gluon emissions (k T e ects) similar to those encountered in DrellYan production. A complete description of the k T e ects would require a resummation-type calculation for direct photon production. The e ects can be approximated using a Gaussian smearing procedure and/or parton shower Monte Carlo programs. Soft gluon emission steepens the direct photon cross sections at low transverse momentum and, in the case of xed target direct photon experiments, changes the normalization. The value of the k T can be measured directly in diphoton production (as in Drell-Yan production) and by measuring the properties of the away-side jet in direct photon production. 27] The theoretical expectation is that the average value of the k T should increase roughly logarithmically with the center of mass energy.
A complete description of direct photon data, especially at xed target energies, may await a complete resummation calculation of the cross sections. Preliminary work in that direction has already taken place. 29] As an intermediate step, Baer and Reno 30] have added parton showering to a NLO photon production calculation and have shown that it is possible to describe the rise observed at low p T observed in CDF at both p s = 1800 GeV/c and p s = 630 GeV/c. 31] Previous common wisdom held that xed target direct photon data served to x the gluon distribution in the proton, since the dominant mechanism for prompt photon production (in proton-proton collisions) is gluon-quark scattering. However, the k T e ects mentioned above, and the residual scaledependence at NLO of the direct photon theory, can a ect both the slope and normalizations of the cross sections.
An attempt has been made to incorporate the xed target direct photon data from Fermilab xed target experiment E706 27] into the CTEQ global tting program, rst correcting for the soft-gluon (k T ) e ects. The direct photon data probe the gluon distribution directly up to very high values of x (0.7). The gluon distribution obtained from the t agrees well with that from CTEQ4M . The average k T values used (1.3 GeV/c at p s=31.5 and 1.5 GeV/c at 38.7 GeV) agree with the k T values measured in Drell-Yan experiments in similar kinematic regimes and with the direct determination of the event k T from the E706 data. The k T -corrected cross sections describe well the slope and the normalization of the data, even at the highest values of x.
Determination of s s from CCFR
Neutrino-nucleon deep inelastic scattering provides very precise methods of measuring s . In the Fermilab neutrino experiment CCFR, s can be determined from two techniques: scaling violations in structure functions (xF 3 alone or a combined t to xF 3 and F 2 ) and from the GLS sum rule. 32] The non-perturbative e ects in the structure function measurements fall as 1=Q 2 (as compared to 1/Q in some analyses) and the experimental cross sections have only a weak Q 2 dependence (so that there is less sensitivity to experimental resolution). The extraction of s from the GLS sum rule depends only on the valence quark distributions and the theoretical framework is known to order 3 s .
There has been a re-analysis of the CCFR data using an improved energy calibration of the detector. In a global systematic t (using QCD to constrain the systematic uncertainties), a value of NLO The NuTeV neutrino experiment, currently running at the Tevatron, will allow a number of improvements to the analysis. There is a sign-selected beam, which should increase anti-neutrino statistics, and a continuous test beam which will allow a better determination of the hadron and muon energy calibrations and resolutions, currently the largest experimental contributions to the systematic uncertainty. H1 collaboration has calculated that the probability that there is a statistical uctuation of the same or larger magnitude as observed at Q 2 > 15000 GeV 2 is 0.006. ZEUS collaboration has given the probability of the measured distribution in the region x > 0.55 and y > 0.25 to be 0.0072. The leading order cross sections for jet production are proportional to 2 s and to G 2 (x,Q) (for gluon-gluon scattering), G(x,Q)Q(x,Q) (for gluon-quark scattering and Q(x,Q)Q(x,Q) for (quark-quark scattering). In the mid-range of the inclusive central jet data, 50 GeV/c <E T < 200 GeV/c, gg and gq scattering dominate. This is a region where systematic errors, both theory and experiment, are smallest and where the theory agrees well with the data. The CDF and D0 cross sections are also within relatively good agreement within this range. 21, 24] At high values of E T , CDF has reported an excess 22] over standard theoretical predictions.
The CDF and D0 jet data have been included in a global parton distribution analysis (CTEQ4M). 23] The jet inclusive data serve to stabilize the ts and to "pin down" the gluon distribution in the x range from .05 to .22. The inclusive jet data prefer a value of s of 0.117-0.118 consistent with the global t results. As mentioned previously, CDF has reported an excess in the inclusive cross section at the highest values of transverse energy. This may be due to new physics or to a possible modi cation of the parton distributions. The quark distributions in the x and Q 2 range (.4-.5, 1-2 X 10 5 GeV 2 ), corresponding to high E T central jet production, are fairly well-constrained, but there is greater exibility and uncertainty in the gluon distribution. This freedom is largely due to two sources: the theoretical uncertainties in xed target direct photon production and the lack of data in current global ts to constrain the gluon distribution at high x. One cannot conclude that the excess is due to gluons, just that the data currently in the global ts allow for a description of the excess by a larger gluon distribution. No de nite conclusions can be drawn about the larger gluon distribution without the use of additional data. Since the dominant jet production mechanism in this E T range is quark-quark scattering, any appreciable modi cation to the jet cross section requires a much larger modi cation of the gluon distribution.
It is worthwhile to point out the need for exibility in the parameterization of parton distributions, especially when extrapolating to new regions of x and Q 2 .
One can speci cally probe high values of x by measuring the di erential dijet cross section. In the CDF di erential dijet analysis 24], one jet (the trigger jet) is required to be central (0.1 <j j< 0.7) while the other jet (the probe jet) is allowed to have an j j value of up to 3. The trigger and probe jets are the two highest E T jets in the event.
High E T scatters in which the probe jet is at high rapidity correspond to collisions of a parton at moderate x (0.05-0.3) with a high x parton (up to 0.75) at a very high Q 2 (up to 1 X 10 5 GeV 2 ). The x and Q 2 values probed overlap (and in some cases exceed) those in the HERA high x and Q 2 analysis, as shown in Figure 1 .
Any modi cations to the parton distributions to explain the HERA high x and Q 2 results 25] would have a similar impact on the di erential dijet data. The data should also serve to test the hypothesis of a larger gluon at high x. One complication is that for large trigger jet E T values and high probe jet rapidities, the cross section is dominated by multijet nal states (there is more phase space for 2!N production than for 2!2). One either needs to compare to higher order calculations or to measure the cross sections as a function of the parton light-cone momentum fractions X A and X B , and the dijet psuedorapidity di erence *, as suggested by Ellis and Soper. 26] A measurement of this type should be less sensitive to higher order corrections and should provide a more de nitive statement on the parton distributions at high x and Q 2 .
Prospects
With the increase in luminosity...
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